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SDM4AEY 


An investigation ms made at Langley tank no. 2 monorail of the 
landing on smooth mter of a ^-size dynamic model of a hypothetical 

jet- and rocket-propelled airplane designed to fly at transonic 
speeds. The model skipped out of the mter and experienced maximum 
normal accelerations up to 7«^g maximum longitudinal accelerations 
tp to A sli^t modification Tdiich broke the transverse 

ctrrvature of the rear of the fuselage bottom reduced the suction 
forces there, eliminated the resultant skipping, and reduced the 
maximum normal accelerations. 

The test is part of an investigation of the feasibility of the 
operation from mter of hi^-speed aixplanes, and the results of this 
test form a basis for evaluating the inprovements in hydrodynamic 
characteristics obtained by various types of modifications to the 
basic model. 


INTRODGCnON 


Contemporary airplanes designed to fly at transonic and supersonic 
speeds usmlly have very high landing speeds, caused by the use of 
hl^ vlng loadings, sveepback of the vlng, thin airfoil sections, and 
flans that are not of the extremely hi^-lift types. The landing 
gears of such airplanes not only add to the might but must be conpletely 
retracted in flight, thereby occupying valuable space in an already 
crowded airplane. Hl^ landing speeds lea^ to the necessity for long, 
smooth runmys and make more difficiilt the design of landing gears, 
•vdieels, and brakes. Similar disadvantages obtain during take-off. 
Preliminary consideration indicated that the majority of the dis- 
advantages ml^t be reduced or eliminated by the operation of hi^- 
speed airplanes from mter instead of from land, and that the modi- 
fications necessary to assure satisfactory hydrodynamic performance 
could be of such a form as not to affect the aerodynamic performance 
appreciably. 
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To investigate the feasihility of the vater-hased operation of 
higji-speed airplanes, a series of tests of a dynamically similar model 
of a hypothetical jet- and rocket-propelled transonic airplane is 
being made to observe the take-off and landing characteristics of 
the model and the effects of varions types of modifications on these 
characteristics* All modifications under consideration are designed 
to be retractable or to have a minimum of air drag* The first part 
of the investi^tion is concerned -with landing characteristics, 

■«hich are considered to be of primary importance because, for many 
applications, the take-off ml^t be made with the aid of a catapult 
or other means* The present paper considers only the landing in 
smooth water of the basic model and one modification* The landing 
characteristics of the basic model fona a reference for evaluating 
the iii 5 >rovements obtained by the various types of modifications. 


M013EL 


The model, designated Langley tank model 229, 'was based on an 
existing airplane that is designed to fly at transonic speeds. The 
general arrangement of the model is shown in figure 1 and a photograph 
of it is shown as figure 2.< 

The suggested interior arrangement of the full-size airplane is 
shown in figure 3« As can be seen, the turbojet engine, together 
with its tail pipe and air-intake ducts, is mounted above the center 
line of the fuselage to prevent the entry of water* The rocket motor 
is placed below the turbojet tail pipe at the rear of the fuselage, 
because it was considered that the entry of water into it wopild not 
affect its operation. 

Pertinent dimensions of the hypothetical airplane and the ^-size 
model are given in the following table: 
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Tull size 


Model 

Wing span, feet 

. . 25 


2 .08 

Wing area, square feet 

. 175 


1.215 

Sweepback of wing 30 -percent chord line, degrees 

• • • • 

35 


Dihedral of wing chord plane, degrees .••••• 

• • • • 

-3 


Wing incidence, degrees 

• • • • 

3 


Fuselage length, feet .............. 

1 + 2.22 


3.52 

Maximum diameter of fuselage, feet 

. 5.00 


0.1+2 

Longitudinal position of center of gravity 

Feet from nose •...•••••••••••• 

21.19 


1.76 

Percent projected parallel to fuselage 

reference line 

• • « l8.6 


Yertical position of center of gravity 

: Feet below fuselage reference line ..•••• 

. 0 . 1+3 


0.036 

Gross weight with full fuel tanks, pounds • • • • 

13,1^ 


7.61 

Landing wei^t with 1»0 gallons of turbojet fuel 
left, pounds 

8720 


5.05 

Moment of inertia in pitch, alxig-feet^ . . . . • 

18,500 


0.071+9 

Moment of inertia in roll, slug-feet^ ••••.. 

. 21 + 1+0 


0.00982 

Mcanent of inertia in yaw, slug-feei^ ..•••• 

15,600 


0.0629 

Turbojet thrust, poxmds .••.••••••••• 

. 3000 


I.7I+ 


With mter injection (about) 3500 2.03 

Socket thrust, pounds .6000 

Note: Moments of inertia are about the center of gravity and for the 


landing wei^t. 

The model vas constructed of balsa -wood vith points of hi ^-stress 
concentrations reinforced with plywood and hardwood. The tail surfaces 
were covered with strong tissue paper. 

To improve the landing characteristics of the basic model, the 
lower rear portion of the fuselage was modified sli^tly to flatten 
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and break the circular cross sections* The restilting form of the 
bottom vas that of a small planing surface with 20° angle of dead 
rise emerging from the original fuselage. The keel line of this 
modification was tangent to the lower profile line of the fiiselage 
about halfway between the tail and the tmiling edge of the wing. 

Figure 1)- shows a congiarison between the original and the modified 
fuselage • 


APPAEATUS AHD PROCEDURE 


The tests were made at the Langley tank no* 2 monorail, an apparatus 
•sdiich provides a means for launching a model into the air at a preset 
attitude and distance above the water. The lamching speed was 
determined by measuring the time required for the launching carriage 
to traverse a Imown distance during unaccelerated motion Jxist prior 
to the release, and could be determined to ± 0*1 foot per second. 

Aerodynamic tests of the model were 3 nade to determine, for 
various attitudes and flap deflections, the landing speed and the 
elevator deflection req^uired to maintain attitude* The results of 
these tests, shown in figure 5 ^ showed that a stall landing would be 
made at an attitude of about 12°. An attitude of 8 ^ was selected as 
typical of a faster landing. 

The behavior of the model during landing and the length of the 
landing run were observed visually and recorded by a motion-picture 
camera at the side of the tank. Time-history records of accelerations 
parallel and pei*pendicular to the fuselage reference line were obtained 
by a small, spring-driven, recording accelerometer with an accuracy 

of The procedure used to obtain the accelerations in one 

direction during a run, and then to turn the accelerometer throu^ 90 ° 
and repeat the run to get the acceleraticMas in the other direction. 

The accelerations presented herein are those measured at a point 

^ inches forward of the center of gravity and on the fuselage 

reference line. Positive senses of normal and longitudinal accelerations 
are upward and rearward, respectively* 

All landings were made at the landing wel^t of pounds, 
corresponding to 8720 pounds, full size* Most of the landings were 
made with a flap deflection of 20*^* Flap deflection of iK)° was used 
for seveia .1 laiidings, but in this condition the model tended to roll 
and pitch in the air at hi^ angles of' attack* 
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Landing of Basic Model 
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Sequence photogranhs of tvo typical landings of the basic model 
are shown as figures 6 and 7« A description of a typical landing 
follows: At the instant of landing, the rear of the fuselage 

hit the water and the model trimmed down a little. After running 
in the water fcsr a short distance, the flow of water around the rear 
of the fuselage sucked it down into the water so that the model 
trimmed tcp rapidly and skipped out of the water. At the second 
contact with the water the model trimmed down, ran at that attitude 
for some distance, trimmed up and then down again. By this time 
the model had slowed down almost completely. At the end of the run, 
the model turned, usxKilly to the ri^t. The turn was sharp but not 
violent due to the low speed at 'vdiich it occurred. 

In about half of the landing, the rear of the fuselage touched 
the water li^tly and briefly, making the model trim down sli^tly 
in the air. The remainder of the landing run then took place as 
previously described. 

'During the approach to some landings at hi^ attitudes, the model 
rolled in the air so that one wing tip hit the water before any other 
part of the airplane. When this happened, there was no indication of 
yawing or pivoting around the wing tip. The tip was in contact with 
the water for a very short time only and the water forces cax it 
rolled the model back until the wings were about level. The model 
then continued its landing in the usual manner. This indicates that 
the wing tip provided adequate planing lift for lateral stability 
without undesirably hi^ resistance. Thus no tip floats or special 
planing surfaces at the wing tips need be used. 

Typical time histories of normal and longitudinal accelerations 
experienced during landings are shown in figure 8, and a summary of 
accelerations and lengths of landing runs is given in table I. As 
can be seen, the maximum accelerations experienced were 1 »kg in the 
normal direction and in the longitudinal direction. The values 

of accelerations given in table I for any one landing are the peak 
accelerations obtained at various times during landing. The first 
peak of normal acceleration is associated with the period of the 
landing run Just before and during the rapid trimming up preceding 
the skip of the model out of the water. The second peak of normal 
acceleration is experienced Tdien the model again hits the water 
after the skip. The time sceile of the accelerometer records varied 
somewhat, so precise correlation of the motion pictures and the time 
histories of accelerations was not possible. The normal accelerations 
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measttred on the basic loodel are about the same as those obtained during 
landings of flying boats on rou^ -water, but are greater than those 
obtained during landings of flying boats on smooth water or of land- 
planes landing on runways* The longitudi nal accelerations obtained 
on the model are considerably greater than those obtained during 
landings of flying boats on smooth water, but are about the san» 
as those obtained during ditchings of landplanes \diich are considered 
to have satisfactory ditching characteristics* The first peak of 
longitudinal acceleration is greater than the usual majdLmum 
acceleration experienced by carrier aircraft in arrested landings* 

The average longitudinal acceleration is about the same as that of 
uaml arrested landings of carrier aircraft* 


As the landing attitude increased, the hei^t and violence of 
the skip decreased* Flap deflection had no apparent effects on the 
accelerations experienced during landings, but damage to the flaps 
■was more likely to occttr at the 1*0° flap deflection* 


Landings of Modified Model 

Sequence photographs of a typical landing of the model with the 
modified fuselage are given as figure 9> and time histories of 
normal acceleration and longitudinal acceleration are given as figure 10. 
A s^xmnflary of the accelerations and lengths of landing runs observed 
during the tests are given in table II . The maximum accelerations 
experienced by the modified model were 5»6g normal and 3»6g longitudinal. 
The modification reduced the suction force at the rear of the fuselage 
and eliminated the resultant skipping of the model* The modification 
reduced the normal accelerations, but had less effect on the longitudinal 
ac celerat i ons . 

The air drag added by the modification to the fuselage is 
probably negligible or very small because the sharp edges of the 
modification were designed to be parallel to the air flow. This 
air drag coxild be eliminated by using retractable breaker strips in 
place of the modification tested. Such breaker stripe have been 
successfully used on the tail extensions of other models to break the 
tpward flow of water and thus eliminate suction forces on the tail 
extensions * 


CONCLUSIOUS 


The following conclusions were drawn from the results of landing 
tests in smooth water of a model of a hypothetical transonic airplane 
as originally desired and as modified by the addition of a planing 
stirface at the rear of the fuselage: 
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1. The flow of water around the rear a£ the ftiselage produced 
suction forces ■?diich increased the trim and caused the laodel to 
skip out of the water. 
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2. flattening and hreaking the circular transverse sections at 
the rear of the fuselage hottom reduced the suction at the rear of the 
fuselage and ell3Binated resultant skipping. 

3. The marl mm normal accelerations e3q>erienced dttring landings 
were J »kg for the original model eind 5«6g for the modified model. 

ii-. The maxlmam longitudinal accelerations were 4.5g for the 
original model and 3«6g for the modified model. 


5. Eo tip floats or auxiliary planing surfaces need be used to 
obtain adeq.uate lateral stability during water landings. 


Langley Memorial Aeronautical Laboratory 

Eational Advisory Coinmlttee for Aeronautics 
Langley Field, Ta. 
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TABLE I.- SOMMftEy OF EESOLOS OF LAHDIHG TESTS OF BASIC MODEL 


Flap 

deflection 

(deg) 

Attitude 

(aeg) 

Speed 

3i5)h 

full- 

size 

Landing 

Hormal 

acceleration, 

e 

Longitudinal 

acceleration, 

8 

Length 
of run 
(fuselage 
lengths) 

40 

8 

132 

1 


4.5, 2.2, 2.4 

9 




2 


3.8, 1.2 

11 


12 

119 

,3 


3*2^ 1*5^ 2*0 

11 




k 


3.0, 1.2 

10 




5 

5.4, 1.6 


13 




*^6 

6.8, 1.0, 1.8 


11 




7 

5.2, 1.4 


13 


l6 

117 

^8 



13 


• 


^9 



11 

20 

8 

114-1 

10 

4.2, 6.6 


14 




11 

5.0, 7.4 


14 




12 

5.0, 7.2 


14 


12 

12l4- 

13 

6.0, 6.0 


17 




111- 

5.2, 4.0 


15 




15 

6.0, 6.0 


16 


Ik 

122 

l6 

5.2, 6.0 


17 




17 

6.0, 4.0 
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^odsl roHad In all* and landed on ri^t wing tip. 
'^odel rolled in air and landed on left wing tip. 
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Figure 2.- Photograph of model 229. 
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Elevator deflection 
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Angle of attack , <x , deg 


Figure 5 .-Aerodynamic characteristics of model 2.2.3. 
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Longitudinal acceleration , 9 Normal acceleration , 
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fa) Attitude , ia°. 



(b) Attitude , 8®. 



Time , sec 

(d) Attitude , 8°. 


Figure 8 .- Typical time histories of normal and longitudinal 
acce ierations experienced during landings of basic model. 
CAM values are full-size.) 
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Longitudincil acceleration, g Normal acceleration , 


NACA RM NoP^eip 



t 

■';> S- 
■'■iS 



not 


■» '■:? > '■■» 'S 

-> ■:■% is- ^ ;3 '•;*• 


rn 


> > '0 '» 

.? > 3 



■>' >? 
s ■■> 




Time , 6SC 

(b) Attitude ,8®. 



Time , sec 

Cc) Attitude , l£^. , 



Figure lO.- Typical time histories of normal and 
longitudinal accelerations experienced during 
landings of model with modified fuselage. 
rAil values are fuU-siz-e^ 






